Cyclops syndrome is characterized by loss of terminal knee extension due to proliferative fibrous nodule formation in the intercondylar notch after anterior cruciate ligament reconstruction (ACLR). 7, 23 It is 1 of the 4 described types of arthrofibrosis. 18 A critical size seems necessary to result in observable disability. 11 However, when it does occur, the functional consequences are often severe enough to warrant reoperation. In the first description of this type of lesion, Jackson and Schaefer 7 stated that ''Cyclops appeared in those patients who failed to regain extension early,'' and more recently, a possible correlation between Cyclops syndrome and an extension deficit due to a reflex hamstring contracture after anterior cruciate ligament (ACL) surgery has been hypothesized but not clearly demonstrated.
The purpose of this study was to analyze the correlation between immediate postoperative reflex hamstring contracture and the development of a Cyclops lesion after ACLR. Our hypothesis is that there is an association between a persistent hamstrings contracture at the early phase of ACLR and the Cyclops syndrome.
METHODS
The case notes of 45 patients who underwent an arthroscopic arthrolysis for Cyclops syndrome after a primary ACLR between 2010 and 2014 were retrospectively reviewed. Both surgeries (ACLR and Cyclops) were performed by the senior author (B.S.C.). The exclusion criteria were a first surgery other than primary ACLR (all revisions were excluded) and cases with a final diagnosis other than Cyclops syndrome. To test our hypothesis, we compared our Cyclops cohort (n ¼ 45) with a random control group taken from our ACLR universe of 2089 patients operated on in the same time period.
Recorded data included the age at first (ACLR) and second (Cyclops) surgery, the time period between ACL rupture and the ACLR, the type and level of sports in which the patient was involved, as well as all surgical technical details: type of graft, meniscal tears, and associated extra-articular tenodesis. The data from the preoperative magnetic resonance images were also analyzed, and patients with femoral bone bruising were identified. 9 The clinical files after the ACLR were analyzed regarding clinical examination at 3 weeks, 6 weeks, and just before the Cyclops surgery. We registered both passive and active range of motion, and all patients were examined in prone and supine positions. Passive extension deficit was evaluated in comparison with the contralateral limb. Any extension deficit asymmetry greater than 5 was considered.
This extension deficit was classified as related to hamstring contracture when: observation and palpation of the hamstring muscle belly in the prone position revealed a contracture; extension deficit was improved after repeated flexion against resistance in the prone position (to obtain hamstring muscle fatigue and stunning) resulting in restoration of passive full extension symmetrical to the contralateral side (see Figure 1 and the Video Supplement).
Once passive full extension was achieved, we required the patient to turn supine to access his or her quadriceps function through inspection and palpation, asking the patient to fully extend the knee on the bench and comparing the quadriceps contraction between both knees by symmetric palpation.
Control Group
A control group of similar size (n ¼ 45) was selected among our entire ACLR cohort of 2089 patients without Cyclops syndrome. We used a random numbers 
Surgical Procedure
Our standard ACLR surgical technique includes high, fat pad-sparing, arthroscopic portals; full arthroscopic examination; and ACL remnant preservation. In rare cases when this was not possible (related to a poor ACL remnant), we performed an ACLR using a bone-patellar tendon-bone (BPTB) graft. 4 The tibial tunnel is drilled in close to full extension to avoid missing any preoperative Cyclops due to the retraction of the ACL stump, particularly the classic bell-hammer posterolateral remnant. 9 A shaver is passed through the tibial tunnel and into the remnant so that the remnant is hollowed out for passage of the graft. At the end of the ACLR, a full arthroscopic evaluation was made to check for presence or absence of graft impingement. All knees achieved full extension at the end of the procedure, and this was again clinically confirmed by the senior surgeon (B.S.C.) before the patient left the hospital. All patients were operated on under general anesthesia, without any nerve block, but with a hamstring donor site naropeine injection. 1 
Statistical Analysis
We analyzed the conditions of applicability of parametric tests on the numeric data: age and delay from ACL injury to ACL surgery. Normality of data was tested using the Kolmogorov-Smirnov test, which showed that the variables do not follow a normal distribution (P age ¼ .029 and P delay < .001). For these reasons, we used the Mann-Whitney test (a nonparametric test) to compare the 2 independent samples.
For the remaining variables (all nominal), the chi-square test was used to analyze the association between the 2 groups. The Wilcoxon test was used to analyze the difference between the 2 clinical observations (at 3 and 6 weeks). All statistical tests were performed using the software SPSS Statistics Version 22 (IBM Corp).
RESULTS
Both groups were similar (P > .05) regarding age at ACLR, sex distribution, and delay from ACL injury to ACLR surgery (Table 1 ). There was also a similar proportion between the 2 groups of professional athletes, presence of femoral bone bruise, type of graft (hamstring tendon [HT] or BPTB), extra-articular tenodesis, and meniscus suture. All patients had full extension before the ACLR except for 2 patients in the control group and 1 patient in the Cyclops group, all due to a bucket-handle meniscal tear.
There were 3 professional athletes in the control group (2 rugby players and 1 basketball player) and 5 in the Cyclops group (3 rugby players, 1 hockey player, and 1 gymnast).
We found a significant difference between the 2 groups in the incidence of extension deficit at both 3 and 6 weeks (P < .001) ( Table 2) . Extension deficit at 3 weeks occurred at an incidence of 71% in the Cyclops group and 22% in the control group. At 6 weeks, this difference was also significant: 60% had an extension deficit in the Cyclops group compared with 7% in the control group (P < .001).
A significant difference was also found in the incidence of extension deficit related to hamstring contracture at 3 and 6 weeks (P < .001). Hamstring contracture was reported in 58% of the Cyclops group and in 24% of the control group (P < .001). At 6 weeks, a hamstring contracture was observed in 29% of the Cyclops group and 2% of the control group (P < .001) (Figure 2) .
The secondary Cyclops surgeries were performed at a mean of 11 months (range, 5-31 months) after the primary ACLR. Thirteen patients (20%) also underwent additional procedures besides the Cyclops lesion resection. Ten patients underwent a notchplasty, 1 had a trochlear osteochondral lesion debridement, and 2 other patients had a screw removal. There was a good clinical result in 93% (42 of 45) of patients. All of these 42 patients became asymptomatic and had full range of motion. Three other patients were not satisfied: 1 had septic arthritis after the Cyclops surgery and 2 others reported persistent anterior knee pain.
DISCUSSION
The most important finding of this study is that, in the early phase of ACLR, the majority of extension deficits are related to hamstring contracture and that these deficits are associated with an increased incidence of Cyclops syndrome. Our data demonstrate that, at both 3 and 6 weeks, the Cyclops group had a significantly higher incidence of extension deficit and hamstrings contracture than the control group. In the control group, extension deficit related to hamstrings contracture was reported in 24% of patients at 3 weeks, but this number dropped to 2% at 6 weeks. This suggests that the persistence of hamstrings contracture between 3 and 6 weeks after ACLR is an early predictive factor for Cyclops syndrome. It was previously reported that femoral bone bruising is a risk factors for motion impairement. 15 In the current study, femoral bone bruising was slightly more prevalent in the Cyclops group than in the control group, but this difference was not significant. Femoral bone bruising was present in 5 patients in the control group. Two of these patients had reported hamstrings contracture at 3 weeks but none at 6 weeks. Femoral bone bruising was also present in 9 patients in the Cyclops group. Three of these patients had reported hamstrings contracture at 3 weeks. All of these patients still had this deficit at 6 weeks. These findings suggest that the persistence, between 3 and 6 weeks, of a hamstrings contracture might be more relevant than femoral bone bruising. Contrary to a previous study, 19 we found no relation to the graft choice (HT vs BPTB) or extra-articular tenodesis.
Our overall incidence (2.1%) of Cyclops syndrome is in line with the current literature. Wang and Ao 23 observed 48 (15%) cases of Cyclops lesions in 311 second-look arthroscopies for internal fixation device removal, whereas only 1.93% had extension loss. Delincé et al 2 described 23 patients (35%) with hypertrophic tissue in the anterior part of the knee in 65 consecutive second-look arthroscopies for hardware removal. The authors found different shapes and locations of scar tissue under the notch roof and reported ''smaller nodules generally situated far more anteriorly in the knee can be discovered in asymptomatic patients.'' Other second-look arthroscopy series, like that of Muellner et al, 12 report a 17.6% incidence, but only half of Cyclops lesions were symptomatic.
Postoperative extension deficit after ACLR results from preoperative, intraoperative, and postoperative factors. Intraoperative factors, such as inadequate tibial tunnel placement, can cause impingement of the graft and loss of extension. With better understanding of the ACL function and anatomy, we acknowledge that the vast majority of patients with extension deficits have no recognizable technical flaw. Since all knees in our cohort achieved full extension at the end of surgery, failure to regain full extension might be due to an acquired condition after surgery, and that leads our attention to postoperative factors.
Full knee extension after ACL rupture or reconstruction depends on passive and active factors. A passive knee block to extension might occur with a meniscal tear, loose body, important hemarthrosis, or bell-hammer ACL tear. We had no such findings among our Cyclops patients. It is possible that those patients who cannot overcome a hamstrings contracture between 3 and 6 weeks are more likely to develop Cyclops syndrome.
Many extension deficits are related to an active mechanism. Most surgeons postpone ACLR until there is full range of motion. This might be a simplistic perspective that does not recognize the importance of full muscle control in ACLR. Quadriceps, hamstring, and soleus muscles are involved in active knee extension. These are antagonist muscles and an involuntary hamstrings contracture (triggered by pain or effusion) may go together with a selective quadricipital ''shutdown.'' 16 Central activation deficits have been recognized to be responsible for quadriceps muscle weakness after knee injures affecting the injured as well as the noninjured leg. 5, 7, 22, 23 Rice et al 16, 17 have done extensive research on this topic and call it ''arthrogenic muscle inhibition.'' Even 20 mL of effusion can cause quadriceps inhibition in the vastus medialis and the vastus lateralis in otherwise healthy individuals during jogging. 21 This arthrogenic muscle response, also seen in the soleus musculature after joint effusion, was found to be regulated by both pre-and postsynaptic control mechanisms.
14 Muscular co-contraction is operationally defined as activation of both the agonist and antagonist muscle groups crossing the same joint. An antagonistic co-contraction of hamstring musculature seems to be a component of all functional movements, possibly to maintain dynamic knee stability and protect against excessive joint loads. 3, 19 Despite its potential stabilizing role, it has an increased metabolic cost and can impair performance. 8, 25 There are reports on an inverse relation between quadriceps weakness and hamstrings recruitment in total knee arthroplasty but there is no evidence on the effect of hamstrings contraction on the incidence of Cyclops syndrome after ACLR. 25 Figure 2. Evolution of extension deficit and hamstrings contracture at 3 and 6 weeks in the control and Cyclops group.
